One of the most promising approaches for treating the inflammation is the result of a network of events orchestrated by cell adhesion molecules and soluble respiratory manifestations of cystic fibrosis (CF) is in vivo gene therapy. This is directed to correct the defective mediators. 13, 14 One of the molecular mechanisms responsible for the adherence of leukocytes to human airway cAMP-dependent chloride transport which is responsible for the impaired water and electrolyte secretion and, ultiepithelial cells appears to be the binding of leukocyte integrins to the intercellular adhesion molecule-1 (ICAMmately, for the chronic lung inflammation and functional insufficiency (see Refs 1-3 for review).
1) on the epithelium, 13 which may have different pathologic implications. Interestingly, infection of human airRecombinant replication-deficient adenoviruses have emerged as potentially useful vehicles for reconstitution way epithelial cells with parainfluenza type 2 virus, adenovirus type 5 or respiratory syncytial virus can of the cystic fibrosis transmembrane conductance regulator (CFTR) function in CF lungs, as demonstrated in induce ICAM-1. [15] [16] [17] Recently, a ⌬E1, ⌬E3 replicationdeficient Ad-derived vector encoding the ␤-galactosidase several preclinical and clinical studies (see Refs 4-7 for review). These constructs are derived from adenovirus gene has also been found to be involved in induction of ICAM-1 in A549 cells in vitro, both at mRNA and protein (Ad) type 5 or 2, which are tropic to respiratory epithelial cells, and which have been rendered replication-deficient level. 18 In these conditions, ICAM-1 expression also by substituting the immediate-early genes E1a and E1b increased CD18-dependent adhesion of activated neutrowith an expression cassette for CFTR.
phils. 18 In contrast, only wild-type but not E1, E3-deleted A crucial problem with such replication-deficient Adserotype 5 adenovirus increased ICAM-1 expression in derived vectors is that the administration of high doses primary cultures of human bronchial epithelial cells. 19 To of viruses in the bronchi of rats or primates results in an verify this discrepancy and to assess the relevance of this inflammatory response. This process is initially characinduction in vivo, we examined the expression of ICAMterized by infiltration of neutrophils in the perialveolar 1 both in the airway epithelial cell line A549 20 and in Rheand peribronchial spaces, changing later to monocytes sus monkeys exposed to a ⌬E1, ⌬E3 replication-deficient and T cells. [8] [9] [10] [11] [12] It has been shown that the airway Ad-derived vector-encoding human CFTR, Ad.CFTR, already used in preclinical and clinical studies. 21-25 A549 cells do not constitutively transcribe CFTR gene, but they can express it after Ad.CFTR infection. 26 Therefore the 
CFTR at a multiplicity of Mannheim). Lanes 1-4 correspond to those shown in panel (a).
infection (MOI) of 50, in comparison to the basal levels, shown in Figure 3b . In our experimental conditions, different confocal planes from apex toward coverglass adhesion site. The fluorescent signal is sharp and clearly localized at both nuclear and cytoplasmic membranes. The plane of section of Figure 4c1 is near tangential to the cell top, this accounts for the scattered aspect of the signal. Since ICAM-1 is known to be induced by proinflammatory cytokines, A549 cells were exposed to Ad.CFTR at MOI 100 up to 96 h and cytokine release in the culture medium was tested. No significant release of cytokines like tumor necrosis factor-␣ (TNF␣), interleukin 1␣ (IL-1␣) and interleukin-6 (IL-6) in the culture medium above the basal concentration was observed after exposure to Ad.CFTR (data not shown). These results are consistent with the absence of production of IL-1␤ and IL-6 after exposure to an E1, E3-deleted serotype 5 adenovirus vector, which has been recently reported in human bronchial epithelial (HBE) and BEAS-2B respiratory cells. 28 Therefore, the present experiments confirm a role of adenovirus in ICAM-1 induction, as previously reported in A549 cells with a vector similar to Ad.CFTR but expressing ␤-galactosidase, 18 and in HBE cells with a wild-type adenovirus. 19 On the contrary, an E1, E3-deleted replication-deficient adenovirus did not induce expression of ICAM-1 in HBE cells and in bronchial xenograft;
19 this discrepancy may be possibly explained by the use of different cell models as previously discussed, 18 and deserves further investigation on the molecular mechanism of these different observations.
The relevance of the data obtained in A549 cells was assessed by extending these experiments in nonhuman primates. Preclinical studies in which Ad.CFTR was instilled in the airways of Rhesus monkeys showed that high doses of the vector (1.5 × 10 10 and 10 11 plaque forming units) were associated with time to multifocal mild to moderate perivascular lymphocytic infiltrates and mild to moderate interstitial pneumonia. 22 Therefore expression, and the positivity was prevalent in the animals killed at later times (7 and 10 days). Interestingly, Figure 5 indicates that the majority of the ICAM-1 was detected in A549 cells from a minimum infectious dose of MOI 5, starting from 24 h after infecsamples derived from the animals killed at day 7 or 10 after Ad.CFTR instillation showed increased levels of tion (data not shown). The IF assay performed without incubation with the primary RR1/1 antibody in A549 ICAM-1 mRNA up to 10-to 20-fold above those measured in samples in which Ad.CFTR-encoded mRNA was cells infected with Ad.CFTR (MOI 50 for 96 h) gave negative results similar to those presented in Figure 3b (data negative. The average number of copies of ICAM-1 mRNA per microgram total RNA in lung portions of connot shown).
The expression of ICAM-1 on the cell membrane is trol animals was 93 (s.e.m. = 8, n = 17) while the average copy number of treated animals with positive expression essential for the binding and activation of inflammatory cells, such as neutrophils.
13 Therefore we checked the of Ad.CFTR-encoded mRNA was 500 (s.e.m. = 111, n = 18), which was statistically significant (P Ͻ 0.001). subcellular localization of this adhesion molecule in A549 cells infected with Ad.CFTR by immunofluorescence and
Our results confirm that a ⌬E1, ⌬E3 replicationdeficient Ad-derived vector can induce expression of laser confocal microscopy. Figure 4a shows an equatorial confocal section of uninfected A549 cells: the intensity of ICAM-1 on the cytoplasmic membrane of the airway epithelial cells A549 in vitro. 18 These data are corroborated the fluorescence signal expressed in a pseudocolor scale from 0 to 255 approaches the background level (range 0-by our in vivo results, since Ad.CFTR administered at high doses to Rhesus monkeys up-regulates the steady-5). A section series of the positive cell located at the bottom of Figure 4b is shown in Figure 4c , which represents state levels of ICAM-1 mRNA in lung tissues in which Step size between each section is 1.8 m.
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